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Abstract 
Many slope failures and debris flows triggered by heavy rainfall associated with Typhoon 0421 
occurred in Seisan area, Kagawa Prefecture, Japan. Critical rainfall to trigger the slope failure is 65mm/h, 
150mm/3h, total precipitation 250mm, and soil water index 180. Many slope failures occurred at side-slope 
and/or debris filled floor of 1-order valley in mountain slopes consisting of alternating beds of sandstone and 
mudstone (Izumi Group). Field evidence suggests that rainwater penetrated into permeable weathered sandstone 
layer lying on poor permeable mudstone layer. Many slope failures occurred at weathered sandstone layer 
because of low strength and a rise in the groundwater level. The occurrences of slope failures were controlled by 
weathered profile of alternating beds of sandstone and mudstone. 
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ˡĊ˜Ʃ%ǀ
+ u˜Ʃ! 4 ˡŇ˜Ʃ! 13 %ʘ"&ź
Ɓ"ɳéȃ!7ˣ 
mƏˡƍˆȁǶɀ&úŖȃ$ƥ'ˡHLPú
Ŗ&ÛȅkǓ8ȅƍˆ;ì:ˡ1ƻɺ&ɺˍ4
6ɺć$ɺŊ!33ĎȁǶ 7"
5ˡï&ķĈ!' 1 ƻɺ&ɺˍ˒qǒȁ!ˡ
ɺć;Ÿď2'ɺŊ&ķȣ÷Ǟɖ7P@
M 11 Â@eB>`n¹X@ÉR :ÈkÂ@e¹^¿
¹yK!Èg^¿gyK!È$$os 
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^&ķĈȆȧˣ&"'ˡķĈ}¦Ǫʁ!
7ˑÈ÷į 1 ƻɺ&ɺć%ƾĘ7""2%ˡ
ķȣ÷įɺŊ%ÿȣ 
6ˡ2004 Ņɼˁ!
85¼¿8";ȗë7ˣ8%ʮ ˡ
éǍįɁ&Ǐĳ' ɊˡǠŦȱ÷ʩǪ;å.$%2
:5ˡˏɗ$LhlEjG;ʃ˟Ʃǹˡ
1977˥1991ˡáǹ,ˡ2003ˠˣ .ˡmʝ!'ˡ
ăːˑÈ%47ĳȅŔŌ&p˟Ʃǹˡ1977ˠ3ˡ
ŏȧś 100 ŅȟŌ&ȏĳȎƣ&ťʑ$ˑÈ˟Ȏǹˡ
2010ˠȌ58 7$#ˡˑÈ%47ŔŌp
Ƕ3"5 ˡ˒87÷į&ŖŮʑŌ
ǀʊȃď"}ǚ87ˣmƏˡ((÷ȏ
Ǥġ%ɡɌ:87ɼˁłɞúý&îõÏʝ˟ 	(ˡ
ƫɺ,ˡ1976˥ĤŰˡ1980ˠ"ʙˡŕúý'ǣ
Ű²ǁ &Ĩˁúý%6 ˡ˒;őʃɼˁ
&ˎŌ'8,#˘$ˣo&"5ˡŕú
ý&éǍįɁ&˒^iNL' ɼˡˁ&ˎŌ%ʃð
7˒ʑŌ462ˑÈʑŌ˟˦÷į&ŖŮʑŌˠ
&Əoï7ʕƀºȵ˒%ɭŕ7ÝɇŦ2ɂ
	587ˣ 
ƍˆķĈ&ɡ&ƂƄɥ' HˡLPúŖǮ&Û
ȅ¤!33Ĩˡ÷ȏ&ǓÅŦ33ďˣ
ķĈ÷ȏ&¢Ƽúǥ&úɚÇʠ' 5°ȟŌ!7
"5 Éˡƍˆ&İ˚%·Ŀ7Çʠ 5°ȟŌ&ųǮ
úˆo;÷ȏǀʊȃʫʆˀ;Ǔp1 ÷ˡȏ
&Ǔpʆˀʫ$"ɂ	587ˣmƏˡÏƍ
ˆ&İ˚%'Ƭǹĸ%ǋǯǈȣú·Ŀ
ˡďɢƷ$ųǮú'ŖŮ8 $1ˡ÷ȏ
&Ǔpʆˀȍ$"ɂ	587ˣ 
 
w¿aV»0#P±}5
ƍˆķĈȁǶ%×-úʁƥ% Ʋɨ
7ˣķĈú&ɤģ%48(ˡȏĳ&ŔˑÈŀǞɖ
7P@^&ķĈ˟ǘ 0.5˧2mˠƜ2Ď"
5ˡƍˆķĈ&ȁǶǘ'ˡw%ȏĳ&ŔˑÈŀ
&Õ%ɢº8 7"	7ˣmƏˡȯƕɽ­
ɬ˗"˄ˍ&ˑÈŀÊ·%48( ŔˡˑÈŀ&Õ
' 2˧4m ȟŌ"$6ˡĝʺ&ķĈ&ȁǶǘ'Ŕ
ˑÈŀ&oÌ·& 2mơǛw"$ˣŔˑÈ
ŀ&®ķĈ&!'$ ˡ&oÌʝǞɖ
ǴǺ'ƔȔ!'$ ŔˡˑÈŀ²ʝ&ɮȸ$Ŕ
ŌkʏǂǬŦ%þ Ʋɨ7şɠ7ˣ 
 
T`!#w¿aV}5
ÿȣĳƍˆ!ȁǶƍˆķĈ&ȐȤ' ˡ8.
!%2Ďə:8 7˟ Üɺkď 1ˡ992˥ ľĸk
Ƨ 2ˡ001˥ ɟİkËƠɏ 2ˡ003˥ ƧîkƧ 2ˡ004˥
ĸo, 2009˥ ǃǹ, 2ˡ009˥ ɒƝ, 2ˡ009ˠˣ
85' ŔˡŌ3ʏǂŦƔȋ%Ȁ$7ȏĳƍˆ"
Ǐĳƍˆ!&ķĈ&ǀʊĎ ȏˡĳǏĳį5
$7ƍˆ!&Ʋɨ'ĩ$ éˣǍįɁ&ȏĳǏĳ
į5$7ƍˆ!' ˡ((ĳȅFfl^%4
7ċŖƴʒɰ158 ˡ8įǴˆ;+6ˆ"
7ĳȅ+6%ȁĮ ˡ&ȹƪ" Ǔ8ȅ¤
ƍˆ!ķĈĎȁ7"źƁ8 7˟Ƹİˡ
1995ˠˣ  
mƏ ÜˡȪnȳ&ȏĳǏĳį!ƍˆķĈĎȁ
 2003 ŅÉǕʗƐ˘úƏ&ƍˆķĈ&Ʋɨ˟Ȏ
v, 2ˡ008 !ˠ' ȏˡĳ©Æ&ȏĳǏĳį!'ˡ
ǘ 1˧2mp&ǔįķĈÍʅ7 ǘˡ 10m
%2ʘ7ǘįķĈ',"<#ȁǶˡˉ ĳÍʅ
į!ȁǶˣ&"'ˡċŖ3ǏĳÍʅ
į!'ǘ.!ĳȅFfl^Ƕ3ˡmƏˡ
ŔŌďċŖ%ȏĳÍʅį!' ǘˡ.
!ĳȅFfl^Ƕ%";ÙƖ7"ɦ
ʢ8 7ˣ 
ïɤģɜƉ&ķĈƍˆ%
 Ɣȋ$ĳ
ȅFfl^%47ċŖƴʒ'Ȕɰ!ˡ.ˡÛ
ȅ¤"Ǔ8ȅ¤"!Ɣȋ$ķĈȁǶƉ&ļ'ɰ
158$"5 ĳˡȅFfl^%47ċŖ
ķĈ&wð"'ɂ	% wˡ%ƍˆɚį;ƴŮ
7ˑÈŀ&¼¿Ƕ"¹Ǝ87ˣˑ Èŀ&
ǪŦċÈ%þ(ˡȏĳǏĳį&ȏĳ'ˡˑÈ
%47ƞÄʭʹǰ&ĆÃ%ʃðŔŌp"ʏ
ǂŦ&ĆÃʔə 7"ɂ	587ˣmƏˡż
ù7Ǐĳ'LhlEjG%47ȑǩÈ"ŔŌ
pɗ"%Ã	 ȏˡĳǏĳįu!'ȏĳ4
6ʏǂŦ1 ɼˡˁƘ&ˁǂ&ǖʏ;ʛƎˡ
úpǂ&oƒ;őʃ"ɂ	587 ®ˣ"
 ŔŌpˑÈŀ&u!&úpǂ&o
ƒ'ˡˑÈŀ&ķĈ%ďřˈ7!9ˣ
85&mʓ&^iNL ˡïɁȁɚįķĈ&
úʁȃȷð"ɂ	587ˣ 
ś' ȏˡĳǏĳį&ˑÈ%47ĳȎǪŦ&ċ
È" ˡ8%47ˑÈŀ&ŖŮʖȟ;46ɮɦ
Ɣ7"!ˡˑ Èŀ&oÌ·ķĈ^iNL
;Ɣ5%7şɠ7ˣ 
 
 
 
2004ŅÞˑ 21ß%ɼˁ%46ˡ˔ĸȉɟɹ
úý&ɤˇĤľďʥÖǽ&˘īİèʍ!ƍˆķĈ
Ɂȁˣ85&ƍˆķĈ&úʁkúŖȃǬŝ
;Ʋɨ7""2%ˡˁ ʦ"&ʮ% Ʋɨ;
əˣ 
ƍˆķĈ&ǁɻęȃǬŝ% /7" ƍˡˆķ
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ĈĎȁÞˑ 21 ß!&ƜďƘʭˁʦ 65mmˡ
Ɯď 3Ƙʭˁʦ 152mmˡȻˁʦ 249mmˡ÷ĉˁʦ
źƉ&Ɯď¡ 188 ŕˡúý%
7ƍˆķĈ&Ɂ
ȁ%ʮr7ˁʦƥ"	7ˣ 
ƍˆķĈ&úŖȃǬŝ% /7" ķˡĈĢŌ
 60˧70 /km2!6ˡƪƹö!' 100 /km2;
ʄ	7"5ˡǦȃ$úŖkƱǶƆċ%46ķ
ĈĢŌ%Ɣȋ$ļǶ"Ɣ5%$ˣ
ķĈȁǶúǥ'ˡ1 ƻɺ&ɺˍ462¤ćĎˡ
1ƻɺ&ɺŊ;ü1ķȣ÷įķĈ2Ď
"5 ǣˡŰ²ǁ !Ĩˁúý%ŕ7ŕúý&
˒^iNL' ɼˡˁ&ˎŌ%ʃð7˒ʑŌ4
62ˑÈʑŌ˟˦÷į&ŖŮʑŌˠ&Əoï7ʕ
ƀºȵ˒%ɭŕ7ÝɇŦ2ɂ	587ˣ 
ƍˆķĈ&úʁȃǬŝ% /7" ǞˡɖĶ&
ǘ'ȵ 1m&ɚįķĈďÌ;Ò1ˡǞɖ&
'ķȣ÷.'ŔˑÈȏĳǏĳį!7
1 ķˡĈǘ'w%ŔˑÈŀ&Õ%ɢº8 
7ˣȏĳǏĳį5$7ˑÈŀ&ŔŌp"ˡˑ
Èȏĳ²;ǖʏúpǂǏĳ%46ǖʏ
;ʛƎ8ˡúpǂoƒ"ˡïɁȁ
ɚįķĈ&úʁȃȷð"ɂ	587ˣ 
 
ɷʋ ˔ĸďęĺęʝ&ʫɺĸmƇŽ%' ǲˡú
Ǯǌ;Ƈȗ, úˡŖó&­Ŵ%ʮ
 ÎÂ;ˊ îˣɍIjJgPjUƯŐș
5' ɼˡˁȇś%ƃř8ɾʤ$ȥu´Ȋ;ʯɣ
 ˣ˔ĸȉ÷Ơʝȏʰɲ5'ˡˁ
ʦɧ&TlPǷɫÝ;ˊ Ŝˣĵďęďęʳ&
ƤǹƔŉƇŽ%'ÖȢ&ƭɱ;  ɾˡʤ
$ũɡ;ˊˣo&Ə
4)ƺʮ%ˡɩ
 
Șǻo.ˣ 
 
 
 
v 
 
ɑǹéǼkǆˍʔǉk˅ÑŠˡ1986ˡɼˁƘ&İ
ɉķĈ%ʮ7ɿƌɦƨȃȐȤ ˣʟďęʰǤȐ
ȤŲŅĀˡ29B-2ˡ309-327ˣ 
Üɺħŗkď Ñˡ1992ˡűȻÌĵ˙ʥİèʍú
ý&ƍˆķĈ&úŖkúʁȃǬŝˣƐƢú+6
ęɯˡ28-4ˡ29-36ˣ 
ʫɺĸm 1ˡ992ˡɹıİɈÏ˚%
7uēƴʒ
ȼǋ&ďɢƷĳȅú+6"ȪîȴƎįʕÅˣ
úʁęɵʾˡ40ˡ143-170ˣ 
ʫɺĸmkİu Ƞkäɺ¬ŗkƩ ěŅ 2ˡ005ˡ
ńŮ 16ŅÞˑ 15 2ˡ1 2ˡ3ß%47˔ĸȉ²&÷
ȏǤġˣ2004 ŅîõúýʓȺÞˑ%47÷ȏǤ
ġˡșñǎúȅĺęˡ41-54ˣ 
ƩǹȲʜˡ1977ˡéǍįɁ˟Ȃȴˠ&ǱÈ 
$Ǐĳ&ˑÈ% &ˡn&ȐȤˣšǷú
ʁˡ18ˡ125-130ˣ 
ƩǹȲʜ 1ˡ991ˡțŰįɁ"éǍįɁ&Ǐʁĳ&Ʉ
xŦ% ˣƐƢšǷúʁęʮɟƅʝÁȧ
20 èŅɩţɵƋʾúǳǵą"šǷúʁˡ
221-230ˡ1991ˣ 
ľĸĴŠkƧ¯ŭˡ2001ˡœôȹȏĳ5$7ƍ
ˆ%
7÷įƴʒ"ɚįķĈˣšǷúʁˡ42ˡ
30-37ˣ 
ȎǹíȚˡ2010 ˡV@S±&Ŭ˃ȓˢéǍįɁ
ȏĳȎƣ%ʔə7ŏȧś&ˑÈ&řˈˢ uˣõ
îõúƏ&šǷúʁę ƐˡƢšǷúʁęuõî
õƅʝˡÓ»uˣ 
Ȏv Ɇkĸoǜđʜkǹʎ Ǚkĥ˕ykʱʝ
ØņkǟǡƗÑˡ2008ˡ2003ŅÞˑ 10ß%47
ÉǕʗƐ˘úƏʣńúÊ&ķĈ&ŖūȃǬŝ"
ȁǶāˣƐƢú+6ęɯˡ45-2ˡ45-54ˣ 
ƫɺ£kńʥƓȿkƸİōkĕǹȭĒˡ1976ˡ
İɉķĈ"úŖǬŦ%ʮ ˢƗé 50 Ņ 5 ßÞ
ˑ%47˘Ȍȉp&İɉķĈ;ĥɻ" ˢ ˣ
ʟďęʰǤȐȤŲŅĀˡ19Bˡ371-383ˣ 
ĸoǜđʜkǹʎ ǙkȎv ɆkďǑ ȇ 2ˡ009ˡ
2003ŅÞˑ 10ß%47ÉǕʗʣńúý&ƍˆķ
ĈˢÜȪnȳXNAį%
7ķĈƵŐ"ƍˆ
úʁ"&ʮˢˣÉǕʗȧúʁȐȤŲĀçˡ80ˡ
15-25ˣ 
Ƨîʼ˖kƧ¯ŭˡ2004ˡʏǂŦ&Ȁ$7ȏĳ"
Ǐĳ5$7sʵú%
7ƍˆķĈ&ȁǶƺ
ƴ"ȁǶɀˣúŖˡ25ˡ139-159ˣ 
ǃǹȜĪk˓ǊʘĒkɕÖʸmʜˡ2009ˡ2004 Ņ
Þˑ 21 ßɼˁ%46nʤȉĠĸƤ!ȁǶɚ
įķĈú&úŖ"ɚįúʁǬŦ ƐˣƢú+6ę
ɯˡ46-3ˡ49-55ˣ 
ɟİʀmkËƠɏʽŒˡ2003ˡ1972 ŅĐɔɼˁ!
ȁǶƍˆķĈ&úʁȃǬŝ ˣʟďęʰǤȐ
ȤŲŅĀˡ46Bˡ149-158ˣ 
Ĳǹŭǉ 2ˡ007ˡ÷ĉˁʦźƉ%47÷ȏǤġȁǶ
ÔʷŌ}ǚ&ǲǮˣ÷"þȕˡ55-9ˡ4-7ˣ 
ĤŰŧĒ 1ˡ976ˡİúǤġ%
7ķĈ"ƱǶ"&
ʮˣʱ ÏĺƳ˘ȫĦʬęƮȐȤȴɠ 1ˡ3 2ˡ9-38  ˣ
ĤŰŧĒ 1ˡ980ˡšǷúŖę&ȧā5ɡďɢƷ
ķĈˣʱ ÏĺƳ˘ȫĦʬęƮȐȤȴɠ 1ˡ6 6ˡ3-73  ˣ
− 84 −
2004ŅÞˑ 21ßɼˁ%46˔ĸȉɟɹúý!ȁǶƍˆķĈ&úʁkúŖȃǬŝ 
 
- 85 - 
ĤŰŧĒ 1ˡ986ˡîõĵ%
7ďɢƷķĈúŖ&
·Ŀ"úýǬŦˣúʁęɵʾˡ28ˡ221-232ˣ 
ɒƝ Ŕk˓ǹƙykƧîʼ˖kƠƚê{kƠ
ɏĞkƧ¯ŭˡ2009ˡǏʁĳ&ˑÈǬŦ÷į
ŖŮkƍˆķĈkƍˆŖǮ%r	7řˈˤ2003
ŅÞˑ 10 ß%46ÉǕʗƐ˘úƏ!ȁǶƍ
ˆķĈ&~ˣúŖˡ30ˡ267-288ˣ 
Ƹİǉˡ1995ˡéǍįɁ&ƍˆċÅˤĳȅFfl
^ƴʒɦƨ%47ķĈāŲ&}ǚˣúʁęʿ
ɯˡ101ˡ134-147ˣ 
áǹņk˘ǹnkƸǹ¯Ţkɺǹʝ˝m 2ˡ003ˡ
éǍįɁ&ˉĳ&LhlEjGǬŦ"bDXM
a%ʮ7mɂģ ÷ˣƠęɵƋʾ 7ˡ50/III-65ˡ
15-25ˣ 
 
 

2010 9 3 
	
2010 9 30 

2010 9 30 
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